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SEMICONDUCTOR DEVICE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
device including a circuit constituted of bottom gate type
thin film transistors (hereinafter abbreviated as TFT) formed
by using a semiconductor thin film. Particularly, the present
invention relates to a semiconductor device using inverted
stagger type TFTs.

[0003] Incidentally, in the present specification, the semi-
conductor device means a device capable of functioning
with semiconductor characteristics, and includes not only a
single component such as a TFT but also a semiconductor
circuit, an electro-optical device, and an electronic equip-
ment incorporating the circuit or device as a part.

[0004] 2. Description of the Related Art

[0005] In recent years, a semiconductor device has
attracted attention, in which TFTs are formed on a substrate
by using a semiconductor thin film having crystallinity and
a circuit is constituted of the TFTs. Although polycrystal
silicon (also called polysilicon) is most popular for a semi-
conductor thin film, researches for using a compound semi-
conductor expressed by SiyGe, 5 (0<X<1) has also been
carried out.

[0006] Although a TFT using a polysilicon film has
reached the stage of practical use, there is much room for
development in improvement of film quality and mass
productivity, and further technical development is needed. In
such circumstances, Japanese Patent Laid-Open No. Hei.
7-130652, the disclosure of which is herein is incorporated
by reference, by the present applicant discloses a technique
as means for solving the problems of the improvement of
film quality of polysilicon and the improvement of mass
productivity at the same time.

[0007] The technique disclosed in the publication is such
that a catalytic element for facilitating crystallization of
silicon is added to an amorphous semiconductor film (typi-
cally amorphous silicon) so that crystallization is made by
using the function thereof. As a result, temperature and time
necessary for crystallization was lowered and throughput
was remarkably improved. Further, it was ascertained that
obtained polysilicon had extremely high crystallinity and
electrical characteristics of a TFT was greatly improved.

[0008] However, since nickel (Ni) that is most effective as
the catalytic element is a metal element, there is a fear that
if nickel remains in polysilicon, it has a bad influence on
TFT characteristics. Thus, the present applicant has consid-
ered that it is necessary to remove surplus nickel after
completion of crystallization, and has developed a technique
for carrying out gettering of the catalytic element (Japanese
Patent Laid-open No. Hei. 9-312260, the disclosure of
which is herein incorporated by reference).

[0009] In both of the techniques set forth in these publi-
cations, the point is to use a metal element, such as nickel,
as a catalytic element for facilitating crystallization. The
catalytic element itself becomes unnecessary after polysili-
con is obtained.
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SUMMARY OF THE INVENTION

[0010] The present invention has been made in view of the
above problems, and an object thereof is to provide a
technique for forming a semiconductor thin film with high
crystallinity by a manufacturing method having high pro-
ductivity. Another object is to make improvement in a
manufacturing yield and manufacturing cost of a semicon-
ductor device by constructing a circuit with TFTs using such
a semiconductor thin film.

[0011] According to the present invention, germanium
(Ge) of semiconductor is used as a catalytic element for
facilitating crystallization of silicon, so that a process which
does not require gettering is provided. Since germanium has
properties which are very close to those of silicon, it exists
in silicon in the good state of conformity. That is, germa-
nium has a merit that even if it is not particularly removed
after the use as a catalytic element, it does not have a bad
influence on TFT characteristics.

[0012] Basically, germanium is added to an amorphous
silicon film, and the amorphous silicon film is crystallized by
using the catalytic function of germanium. By this, lowering
of temperature at crystallization, lowering of a process time,
and shortening of steps can be realized at the same time.

[0013] Since germanium exists in silicon in the state with
extremely excellent conformity, as compared with cases of
using other catalytic elements, crystallinity is very high.
Since germanium continuously changes the bandgap of
silicon according to its content, it is possible to form an
active layer with a bandgap narrower than polysilicon. By
using such an active layer for a TFT, a mobility (field effect
mobility) higher than that of a TFT using an active layer of
polysilicon can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A to 1D are views showing manufacturing
steps of a thin film transistor of Embodiment 1.

[0015] FIGS. 2A to 2D are views showing manufacturing
steps of a thin film transistor of Embodiments 1 and 2.

[0016] FIGS. 3A to 3E are views showing manufacturing
steps of a thin film transistor of Embodiment 3.

[0017] FIGS. 4A to 4E are views showing manufacturing
steps of a thin film transistor of Embodiment 2.

[0018] FIGS. 5A and 5B are views showing manufactur-
ing steps of a thin film transistor of Embodiment 6.

[0019] FIG. 6 is a view showing the structure of an active
matrix type liquid crystal display device of Embodiment 9.

[0020] FIGS. 7A and 7B are views showing manufactur-
ing steps of a thin film transistor of Embodiment 7.

[0021] FIG. 8 is a view showing the structure of an active
matrix type liquid crystal display device of Embodiment 10.

[0022] FIG. 9 is a view showing the structure of an active
matrix type liquid crystal display device of Embodiments 9
and 10.

[0023] FIGS. 10A to 10F are views showing structures of
electronic apparatus of Embodiment 11.

[0024] FIGS. 11A to 11C are views for explaining the
outline of a fixing step of Embodiment 2.
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[0025] FIGS. 12A and 12B are views showing the struc-
ture of a multi-chamber system processing apparatus of
Embodiment 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0026] Preferred embodiment of the present invention
having the above structures will next be described in detail.

[0027] [Embodiment 1]

[0028] Manufacturing steps of a TFT using the present
invention will be described with reference to FIGS. 1A to
1D, and FIGS. 2A to 2D. Here, exemplification will be
made on a case of manufacturing, as a basic structure of a
circuit, a CMOS circuit in which an NTFT (N-channel TFT)
and a PTFT (P-channel TFT) are complementarily combined
on the same substrate.

[0029] First, an under film 102 made of a silicon oxide
film is provided on a glass substrate 101, and gate electrodes
103 and 104 are formed thereon. Although not shown, gate
wiring lines connected to the gate electrodes are formed at
the same time.

[0030] In this embodiment, as conductive films of the gate
electrodes 103 and 104, a three-layer structure of tantalum
nitride/tantalum/tantalum nitride is adopted. Its film thick-
ness is controlled within the range of 200 to 400 nm. Then
a gate insulating film 105 made of a silicon nitride oxide film
expressed by SiOxN and having a thickness of 150 nm is
formed thereon.

[0031] Next, an amorphous silicon film as an amorphous
semiconductor film with a thickness of 30 nm is formed, and
is patterned to form active layers 106 and 107. Other than the
amorphous silicon film, a compound semiconductor such as
silicon germanium compound expressed by SiyGe,
(0<X<1) may also be used (FIG. 1A).

[0032] Next, a mask insulating film 108 made of a silicon
oxide film is formed on the active layers 106 and 107, and
opening portions 109 are formed by patterning. This opening
portions 109 are formed so that the active layers which
become a source region or drain region later are exposed.

[0033] After the opening portions 109 are formed, a ger-
manium film 110 is formed by a sputtering method, and the
active layers 106 and 107 are brought into contact with the
germanium film 110. A germanium target is used for the film
formation, reached pressure is set to 4x10™* Pa or less,
sputtering gas is argon (Ar), film formation temperature is
set to room temperature, film formation pressure is set to 0.4
Pa, and DC current at film formation is set to 0.4 A.

[0034] Film formation of the germanium film 110 can also
be carried out by a low pressure CVD method or plasma
CVD method. Since germane (GeH,) is a gas that is decom-
posed very easily, it is easily decomposed at a low tempera-
ture of about 450° C. and a germanium film can be formed.

[0035] In this way, the state of FIG. 1B is obtained. Next,
a heat treatment at 600° C. for 12 hours is carried out, so that
the amorphous silicon film is crystallized and is transformed
into a polysilicon film as a crystal semiconductor film. At
this time, crystallization starts at a region (opening portion)
where the amorphous silicon film is in contact with the
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germanium film, and crystal growth in a lateral direction
progresses in the direction indicated by arrows (FIG. 1C).

[0036] Incidentally, when the temperature exceeds 600°
C., natural nucleus generation in the amorphous silicon film
increases and prevents crystal growth from progressing in
the lateral direction, which is not preferable. This crystalli-
zation step may be carried out by any means of furnace
annealing, lamp annealing, and laser annealing. In this
embodiment, importance is attached to uniformity of a
formed film and the furnace annealing is used.

[0037] 1t is desirable that the atmosphere of the heat
treatment is made an inert gas atmosphere or hydrogen
atmosphere. If oxygen exists, the germanium film is easily
oxidized, and is transformed into an inactive germanium
oxide film. Since this may damage the catalytic function and
poor crystallization occurs, attention must be paid.

[0038] As in this embodiment, in the case where crystal
growth is made in the lateral direction by using germanium
as a catalytic element, attention must be paid to the fact that
the growth distance is very short. In the case of FIG. 1C,
crystal growth starts just from the portions which become
the source region and drain region, and the growth meets
with each other at substantially the center of a portion which
becomes a channel formation region.

[0039] Thus, in order to crystallize at least the whole
region of the channel formation region, the growth must
progress for the distance of at least the half of the width
(channel length) of the channel formation region in the
direction connecting the source and drain. Since the crystal
growth meets with each other at substantially the center of
the channel formation region, grain boundaries (not shown)
are formed at that portion.

[0040] In the case where crystal growth is made in the
manner of this embodiment, although the growth distance in
the lateral direction is changed by the temperature of a heat
treatment and treatment time thereof, it appears that the
growth for about 1 um is the limit in view of throughput and
device performance. In that sense, it can be said to be
preferable that the size of a device to which the present
invention is applied is such that the channel length is 2 um
or less, preferably 1 um or less (of course, zero is not
included).

[0041] In this way, active layers 111 and 112 made of
polysilicon films are obtained. The concentration of germa-
nium in the active layers 111 and 112 gradually becomes
higher toward the main surface of the portion where the
active layers are in contact with the germanium film 110
through the opening portion 109.

[0042] Typically, in many cases, germanium is contained
in only the vicinity of the main surface (region within about
10 nm from the surface of the polysilicon film at the side
opposite to the under layer). According to the SIMS (Sec-
ondary Ion Mass Spectroscopy), it was ascertained that the
concentration of germanium in the vicinity of the main
surface was 1x10'* to 1x10?* atoms/cm>. However, since
this portion finally becomes the source region or drain
region, there is no problem.

[0043] Incidentally, it is conceivable that when the con-
centration of germanium is 1x10°° to 1x10** atoms/cm?, an
alloy of silicon and germanium is formed, and a silicon
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germanium layer expressed by SixGe,;  (0<X<1) is formed.
Thus, in the step of this embodiment, there can be a case
where a silicon germanium layer is formed in the vicinity of
the main surface of the portion which becomes the source
region or drain region later.

[0044] After the active layers 111 and 112 are obtained in
this way, the germanium film 110 is removed by a sulfuric-
acid peroxide solution (H,SO,:H,0,=1:1), and then, the
mask insulating film 108 is removed. Thereafter, the active
layers 111 and 112 may be irradiated with excimer laser light
to further improve crystallinity.

[0045] Next, a silicon oxide film with a thickness of 120
nm is formed, and is patterned to form spacer insulating
layers 113 and 114. After the spacer insulating layers 113
and 114 are formed, an impurity element (phosphorus in this
embodiment) for giving an n-type is added to form an n-type
impurity region 115 (FIG. 1D).

[0046] In this embodiment, a plasma doping method is
used, and phosphine (PH,) is used as a doping gas. It is
appropriate that the acceleration voltage is set to 10 kV, and
the addition is made with a dosage of 5x10'* atoms/cm?.
Incidentally, it is not necessary to limit the doping conditions
to this embodiment, but they may be changed according to
the necessity.

[0047] After the state of FIG. 1D is obtained in this way,
a resist mask 116 is selectively provided, and a second
n-type impurity adding step is carried out. The resist mask
116 is formed, in a region which becomes an NTFT, above
a region where a channel formation region is formed later,
and is formed in a region which becomes a PTFT so that the
n-type impurity is not added to the region (FIG. 2A).

[0048] Here, the acceleration voltage is set to 90 kV that
is slightly higher than the former case, and the dosage is
3x10 atoms/cm”. At this acceleration voltage, the spacer
insulating layers 113 and 114 do not function as masks, so
that impurity ions are added also in the silicon film under the
end (region that is not covered with the resist mask 116) of
the spacer insulating layer.

[0049] With this step, a source region 117, a drain region
118, a pair of LDD regions (low concentration impurity
regions) 119, and a channel formation region 120 of the
NTFT are defined. Since the second doping step is also a
formation step of the LDD regions as it is, it is necessary for
an operator to suitably determine an optimum doping
amount for the LDD regions.

[0050] Next, after the resist mask 116 is removed, the
region that becomes the NTFT is completely covered with a
resist mask 121, and an impurity element (boron in this
embodiment) for giving a p-type is added. Here, diborane
(B,H,) is used as a doping gas, acceleration voltage is set to
10 kV, and dosage is 1.3x10* atoms/cm? (FIG. 2B).

[0051] In this step, since the spacer insulating layer 114
completely functions as a mask, any impurity is not added
in the region thereunder, and the spacer insulating layer
directly defines a source region 122, a drain region 123, and
a channel formation region 124. Incidentally, in the step of
FIG. 1D, although phosphorus is added also in the region
which becomes the PTFT, the conductivity is inverted into
a p-type by this step.
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[0052] After the adding step of impurity ions for forming
the source region, drain region and LDD region is completed
in this way, the resist mask 121 is removed, and an activating
step of impurities is carried out. In this embodiment,
although activation is made by irradiation of excimer laser
light, furnace annealing or lamp annealing may be used. Of
course, they may be used at the same time (FIG. 2C).

[0053] Incidentally, the spacer insulating layers 113 and
114 may be removed before the activation step of impurities.
The efficiency of activation by irradiation of laser light is
greatly improved by the removal. However, if the spacer
insulating layers are removed, channel formation regions are
exposed, and hence it is preferable to remain the layers as
possible.

[0054] Next, an interlayer insulating film 125 made of a
silicon oxide film is formed, contact holes are formed, and
source wiring lines 126 and 127, and a drain wiring line 128
made of conductive films are formed. At this time, it is
necessary to form a contact hole (not shown) for electrical
connection between the gate wiring line connected to the
gate electrode and the source wiring line (or drain wiring
line) at the same time.

[0055] Finally, the entirety is subjected to a heat treatment
at approximately 350° C. for about 2 hours in a hydrogen
atmosphere, so that dangling bonds in the film (especially in
the channel formation region) are terminated with hydrogen.
Through the above steps, the CMOS circuit with the struc-
ture as shown in FIG. 2D is completed.

[0056] As a feature of a TFT manufactured through the
steps of this embodiment, the concentration of germanium in
the source region or drain region gradually becomes higher
toward the main surface. This is because crystallization is
carried out while being contacted with germanium at the
main surface. Typically, in many cases, germanium exists in
only the vicinity of the main surface. The concentration of
germanium in that case is approximately 1x10'* to 1x10%2
atoms/cm®.

[0057] On the other hand, it can be assumed that germa-
nium hardly exists in the channel formation region. At
crystallization, although crystal growth progresses from the
portion that becomes the source region or drain region,
diffusion of germanium does not occur. In subsequent steps
as well, there is no such a heat treatment step that germa-
nium is diffused. Thus, it is also a feature of the TFT
manufactured in this embodiment that germanium with a
concentration in the source region or drain region higher
than that in the channel formation region exists.

[0058] In the present invention, a circuit is constituted of
inverted stagger type TFTs manufactured through the steps
as described above. Incidentally, the manufacturing steps of
this embodiment are merely one example for carrying out
the present invention, and the invention is not limited to this.

[0059] Although this embodiment does not adopt, an
operator may suitably make such a contrivance that channel
doping to the NTFT and PTFT is carried out to control a
threshold voltage.

[0060] In the inverted stagger type TFT manufactured in
accordance with the steps of this embodiment, the mobility
(field effect mobility) as a typical electric characteristic is
100 to 200 cm?/Vs for an NTFT and 80 to 150 cm?/Vs for
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a PTFT, and the S value (subthreshold coefficient) is 0.2 to
0.4 V/decade for both the NTFT and PTFT. These values
show that the TFT of the present invention is comparable
with or exceeds a TFT manufactured by a conventional
technique.

[0061] Moreover, in the present invention, since it is not
necessary to remove the catalytic element (germanium) used
for crystallization of the amorphous silicon film, the number
of steps can be greatly reduced as compared with the prior
art (technique using a metal element as a catalytic element).

[0062] The important point in the structure of the present
invention is to crystallize an amorphous silicon film by using
germanium as a catalyst, and this structure is not limited to
the structure of a TFT. Thus, the present invention can also
be applied to a top gate type TFT such as a planar type TFT
or stagger type TFT.

[0063] [Embodiment 2]

[0064] Manufacturing steps of a TFT using this embodi-
ment will be described with reference to FIGS. 4A to 4E and
FIGS. 2A to 2D. Here, exemplification will be made on a
case of manufacturing, as a basic structure of a circuit, a
CMOS circuit in which an NTFT (N-channel TFT) and a
PTFT (P-channel TFT) are complementarily combined on
the same substrate.

[0065] First, an under film 1102 made of a silicon oxide
film is provided on a quartz substrate 1101, and gate
electrodes 1103 and 1104 are formed thereon. Although not
shown, gate wiring lines connected to the gate electrodes are
formed at the same time.

[0066] The reason why the quartz substrate is used in this
embodiment is that in a subsequent thermal oxidation step,
a high temperature process at a temperature exceeding 700°
C. is carried out, so that the substrate having high heat
resistance is required. Thus, instead of the quartz substrate,
a silicon substrate, a ceramic substrate, or a crystallized
glass substrate may be used. In the case of quartz, the under
film may not be provided.

[0067] In this embodiment, for a conductive film that
becomes the gate electrodes 1103 and 1104, a three-layer
structure of tantalum nitride/tantalum/tantalum nitride is
adopted. Its film thickness is controlled within the range of
200 to 400 nm. In the case of this embodiment, as described
before, since a high temperature process is carried out in a
subsequent step, it is necessary to use the conductive film
having high heat resistance. As other materials, chromium,
titanium, or tungsten may be used.

[0068] A gate insulating film 1105 made of a silicon
nitride oxide film expressed by SiOxN, with a thickness of
150 nm is formed thereon. Of course, silicon oxide, silicon
nitride, or laminated structure thereof may be adopted.

[0069] Next, an amorphous silicon film of an amorphous
semiconductor film with a thickness of 30 nm is formed, and
is patterned to form active layers 1106 and 1107. Other than
the amorphous silicon film, a compound semiconductor such
as a silicon germanium compound expressed by SiyGe,
(0<X<1) may also be used (FIG. 4A).

[0070] Next, a mask insulating film 1108 made of a silicon
oxide film is formed on the active layers 1106 and 1107, and
an opening portion 1109 is formed by patterning. This
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opening portion 1109 is formed so that an active layer that
becomes a source region or drain region later is exposed.

[0071] After the opening portion 1109 is formed, a ger-
manium film 1110 is formed by a sputtering method, and the
active layers 1106 and 1107 are brought into contact with the
germanium film 1110. A germanium target is used for the
film formation, reached pressure is set to 4x10™* Pa or less,
sputtering gas is argon (Ar), film formation temperature is
set to room temperature, film formation pressure is set to 0.4
Pa, and DC current at film formation is set to 0.4 A.

[0072] The film formation of the germanium film 1110 can
also be carried out by a low pressure CVD method or plasma
CVD method. Since germane (GeH,) is a gas that is decom-
posed very easily, it is easily decomposed at a low tempera-
ture of about 450° C. to form the germanium film.

[0073] In this way, the state of FIG. 4B is obtained. Next,
a heat treatment at 600° C. for 12 hours is carried out so that
the amorphous silicon film is crystallized and is transformed
into a polysilicon film of a crystal semiconductor film. At
this time, crystallization starts at a region (opening portion)
where the amorphous silicon film is in contact with the
germanium film, and crystal growth in the lateral direction

gradually progresses in the direction indicated by arrows
(FIG. 40).

[0074] Incidentally, when the temperature exceeds 600°
C., natural nucleus generation in the amorphous silicon film
increases and blocks the crystal growth progressing in the
lateral direction, which is not preferable. This crystallization
step may be carried out by any means of furnace annealing,
lamp annealing, and laser annealing. In this embodiment,
importance is attached to uniformity of the formed film and
the furnace annealing is used.

[0075] 1t is desirable that the atmosphere of the heat
treatment is an inert gas atmosphere or hydrogen atmo-
sphere. If oxygen exists, the germanium film is easily
oxidized and is transformed into an inactive germanium
oxide film. Since this may damage the catalytic function and
cause poor crystallization, attention must be paid.

[0076] As in this embodiment, in the case where crystal
growth is made in the lateral direction by using germanium
as the catalytic element, attention must be paid to the fact
that the growth distance is very short. In the case of FIG. 4C,
crystal growth starts just from the portions which become a
source region and a drain region, and the growth meets with
each other at substantially the center of a portion that
becomes a channel formation region.

[0077] Thus, in order to crystallize at least the whole
region of the channel formation region, the growth must be
made for the distance of at least the half of the width
(channel length) of the channel formation region in the
direction connecting the source and drain. Since the crystal
growth meets with each other at substantially the center of
the channel formation region, grain boundaries (not shown)
are formed at that portion.

[0078] In the case where crystal growth is made in the
manner of this embodiment, although the growth distance in
the lateral direction is varied depending on the temperature
of the heat treatment and treatment time thereof, it appears
that the growth for about 1 um is the limit in view of
throughput and device performance. In that sense, it can be
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said to be preferable that the size of a device to which the
present invention is applied is such that the channel length
is 2 um or less, preferably 1 um or less (of course, zero is not
included).

[0079] After active layers 1111 and 1112 are obtained in
this way, the germanium film 1110 is removed by a sulfuric-
acid peroxide solution (H,SO,:H,0,=1:1), and then, the
mask insulating film 1108 is removed. Thereafter, a heat
treatment at 900° C. for 30 minutes is carried out in an
oxygen atmosphere (FIG. 4D).

[0080] In the present invention, the heat treatment at a
high temperature (temperature higher than at least the heat
treatment temperature in the crystallization step) is very
important. By carrying out this step, it is possible to decrease
trap levels existing in crystal grain boundaries and to greatly
decrease defects (lamination defects, etc.) in the crystal
grains.

[0081] The present applicant considers the following
model as to the above effect. There is a difference of almost
ten times in thermal expansion coefficient between the
polysilicon film and quartz (silicon oxide) as the under layer.
Thus, at the time point when the amorphous silicon film is
transformed into the polysilicon film, very large stress is
generated when the polysilicon film is cooled.

[0082] This will be described with reference to FIGS. 11A
to 11C. FIG. 11A shows a heat hysteresis applied to the
polysilicon film after the crystallization step. First, the
polysilicon film crystallized at temperature (t,) is cooled to
room temperature through a cooling period (a).

[0083] FIG. 11B shows the polysilicon film in the cooling
period (a). Reference numeral 800 denotes a quartz sub-
strate, and 801 denotes a polysilicon film. At this time,
adhesiveness at an interface 802 between the polysilicon
film 801 and the quartz substrate 800 is not very high, and
it appears that this causes a number of defects in grains.

[0084] That is, the polysilicon film pulled through the
difference in thermal expansion coefficient is moved very
easily on the quartz substrate 800, and it appears that defects
803, such as lamination defects or dislocations, are easily
generated by force such as a tensile stress.

[0085] The thus obtained polysilicon film corresponds to
the polysilicon film 1106 in FIG. 4B. Thereafter, as shown
in FIG. 11A, a heat treatment at temperature (t,) is carried
out, and the defects (defects in grains) in the crystal grains
almost disappear. It can be inferred that this phenomenon is
caused because lattice interstitial silicon atoms existing
among lattices are moved by this heat treatment and com-
pensate the defects.

[0086] Since a number of such lattice interstitial silicon
atoms are generated in a heat oxidation step, if the afore-
mentioned heat treatment at a temperature exceeding the
above crystallization temperature is carried out in an oXi-
dizing atmosphere, the defects can be more effectively
removed.

[0087] After the defects in grains are removed by the heat
treatment in this way, the film is again cooled to room
temperature through a cooling period (b). Here, the point
different from the cooling period (a) after the crystallization
step is that an interface 805 between the quartz substrate 800
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and a polysilicon film 804 after annealing is in a state that
adhesiveness is very high (FIG. 11C).

[0088] When the adhesiveness is high like this, since the
polysilicon film 804 is completely fixed to the quartz sub-
strate 800, even if stress is applied to the polysilicon film in
the cooling stage of the polysilicon film, defects are not
generated. That is, it is possible to prevent defects from
being generated again.

[0089] Thus, when the heat treatment at the temperature
higher than the heat treatment temperature in the crystalli-
zation step is carried out after the end of the crystallization,
the polysilicon film is firmly fixed to the under layer at the
interface therebetween, and the defects in the grains are
removed, and at the same time, regeneration thereof can be
prevented. The present applicant refers to this heat treatment
as a fixing step of a silicon interface.

[0090] Incidentally, although FIG. 11A shows, as an
example, the process in which temperature is lowered to
room temperature after the crystallization step, it is also
possible to carry out the fixing step by increasing the
temperature immediately after the crystallization is ended.
Also through such a process, it is possible to obtain a
polysilicon film having similar crystallinity.

[0091] The thus obtained active layers 1113 and 1114 have
the feature that the number of defects in crystal grains is
extremely smaller than the active layers 1111 and 1112
which are merely crystallized. The difference in the number
of defects appears as the difference in spin density by an
electron spin resonance analysis (ESR).

[0092] Inthe present circumstances, it has been found that
the spin density of the active layers 1113 and 1114 is at most
5x10%7 spins/cm® (preferably 3x10'7 spins/cm® or less).
However, since this measured value is near the detection
limit of an existing measuring apparatus, it is expected that
the actual spin density is further low.

[0093] By using germanium as a catalytic element, abnor-
mal oxidation of the polysilicon film in the step shown in
FIG. 4D is prevented. According to the present applicant,
when nickel is used as a catalyst for crystallization, there is
a case where nickel silicide is concentrically oxidized and
abnormal growth occurs. Although this can be prevented by
carrying out thermal oxidation under the condition that
silicon is not brought into direct contact with an oxidizing
atmosphere, an increase in the number of steps has been
caused.

[0094] However, in the present invention, since nickel is
not used but germanium having high conformity with silicon
is used as a catalyst, such local abnormal oxidation does not
occur, and a heat treatment can be directly applied to the
polysilicon film after crystallization.

[0095] Incidentally, in this embodiment, although the heat
treatment is carried out at 900° C. for 30 minutes, the
temperature is typically 800 to 1050° C. (preferably 850 to
900° C.), and the present invention is characterized in that
the heat treatment is carried out at such a high temperature.
Since it appears that a thermal oxidation mechanism greatly
contributes to lowering of defects in grains, the condition is
desirably such that thermal oxidation is apt to occur.

[0096] Thus, when throughput is taken into consideration,
it is preferable that the lower limit temperature of the heat
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treatment is 800° C., and the upper limit temperature is
1050° C. in view of the heat resistance of the substrate
(quartz in this embodiment). However, since the melting
point of germanium is 930 to 940° C., it is more preferable
that the upper limit is 900° C.

[0097] Although it is preferable that the atmosphere of the
heat treatment is an oxidizing atmosphere, an inert gas
atmosphere may be adopted. In the case of the oxidizing
atmosphere, it is appropriate that either one of a dry oxygen
(0,) atmosphere, a wet oxygen (O,+H,) atmosphere, and an
atmosphere containing halogen elements (O,+HC], etc.) is
used.

[0098] Especially, when a heat treatment is carried out in
the atmosphere containing halogen, by the gettering effect of
the halogen element, surplus germanium existing among
lattices of polysilicon are removed in the form of volatile
GeCl,. Thus, this is effective means for obtaining a poly-
silicon film with little lattice distortion.

[0099] Further, when a heat treatment at 800 to 1050° C.
is carried out in an oxidizing atmosphere, a thermal oxida-
tion film (not shown in the drawing) is formed so that the
polysilicon film itself is made a thin film. When the present
invention is carried out, in view of the film decrease by the
thermal oxidation step, the thickness of the amorphous
silicon film at film formation is determined. Appropriate
design is such that the film thickness becomes 5 to 50 nm
(preferably 15 to 45 nm) when the film is finally used as an
active layer of a TFT. If the thickness is 5 nm or less,
formation of normal source/drain contacts becomes difficult,
and if the thickness exceeds 50 nm, the effect brought by
thinning becomes weak.

[0100] The polysilicon film of this embodiment obtained
by the manufacturing method having the structure as
described above has very high crystallinity, and is an opti-
mum semiconductor thin film as an active layer of a thin film
transistor. Germanium exists in the polysilicon film of this
embodiment. It was ascertained by the SIMS (Secondary Ion
Mass Spectroscopy) that germanium distributes with the
concentration of 1x10™ to 1x10*° atoms/em® (typically
1x10 " to 1x10*° atoms/cm?).

[0101] Incidentally, when the concentration of germanium
becomes 1x10%° to 1x10** atoms/cm>, an alloy of silicon
and germanium is formed (bandgap is also changed), and a
silicon germanium layer expressed by SiyGe; 5 (0<X<1) is
formed. The polysilicon film of this embodiment has the
feature that although it is the same as the silicon germanium
film in that germanium is contained, it is different from the
silicon germanium film in that an alloy is not formed.

[0102] After the active layers 1113 and 1114 are obtained
in this way, a silicon oxide film with a thickness of 120 nm
is formed and is patterned to form spacer insulating layers
1115 and 1116. After the spacer insulating layers 1115 and
1116 are formed, an impurity element (phosphorus in this
embodiment) for giving an n-type is added to form n-type
impurity regions 1117 (FIG. 4E).

[0103] In this embodiment, a plasma doping method is
used and phosphine (PH;) is used as a doping gas. It is
appropriate that the addition is carried out under the condi-
tion that the acceleration voltage is 10 kV, and the dosage is
5x10** atoms/cm®. Incidentally, it is not necessary to limit
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the doping condition to this embodiment, but the condition
may be changed according to the necessity.

[0104] After the state of FIG. 4E is obtained in this way,
a resist mask 116 is selectively provided, and a second
n-type impurity adding step is carried out. The resist mask
116 is formed, in a region that becomes the NTFF, above a
region where a channel formation region is formed later, and
is formed in a region that becomes the PTFT so that the
n-type impurity is not added to the region (FIG. 2A).

[0105] Here, the acceleration voltage is set to 90 kV that
is slightly higher than that in the former case, and the dosage
is set to 3x10"® atoms/cm®. At this acceleration voltage, the
spacer insulating layers 1115 and 1116 do not function as
masks, the impurity ions are added also in the silicon film
under the end (region that is not covered with the resist mask
116) of the spacer insulating layer.

[0106] By this step, a source region 117, a drain region
118, a pair of LDD regions (low concentration impurity
regions) 119, and a channel formation region 120 of the
NTEFT are defined. Incidentally, since the second doping step
is also a formation step of the LDD regions as it is, it is
necessary for an operator to suitably determine an optimum
amount of doping for the LDD regions.

[0107] Next, after the resist mask 116 is removed, the
region that becomes the NTFT is completely covered with
the resist mask 121, and an impurity element (boron in this
embodiment) for giving a p-type is added. Here, diborane
(B,H,) is used as a doping gas, acceleration voltage is set to
10 kV, and dosage is set to 1.3x10*° atoms/cm? (FIG. 2B).

[0108] In this step, since the spacer insulating layer 1116
completely functions as a mask, any impurity is not added
in the region under the layer, and the spacer insulating layer
1116 directly defines a source region 122, a drain region 123,
and a channel formation region 124. In the step of FIG. 4E,
although phosphorus is added also in the region that
becomes the PTFT, the conductivity is inverted into a p-type
by this step.

[0109] After the adding step of impurity ions for forming
the source region, the drain region, and the LDD region in
this way, the resist mask 121 is removed, and an activation
step of impurity is carried out. In this embodiment, although
activation is made by irradiation of excimer laser light,
furnace annealing or lamp annealing may be used. Of
course, they may be used at the same time.

[0110] Incidentally, the spacer insulating layers 1115 and
1116 may be removed before the activation step of impurity.
Efficiency of activation by irradiation of laser light is greatly
improved by the removal. However, if the spacer insulating
layer is removed, the channel formation region is exposed,
so that it is preferable to remain the layer as possible (FIG.
20).

[0111] Next, an interlayer insulating film 125 made of a
silicon oxide film is formed, contact holes are formed, and
source wiring lines 126 and 127, and a drain wiring line 128
are formed. At this time, it is necessary to form a contact
hole (not shown) for electrical connection between a gate
wiring line connected to the gate electrode and the source
wiring line (or drain wiring line) at the same time.

[0112] Finally, the entirety is subjected to a heat treatment
at approximately 350° C. for 2 hours in a hydrogen atmo-
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sphere, so that dangling bonds in the film (especially in the
channel formation region) are terminated with hydrogen.
Through the above steps, the CMOS circuit with a structure
as shown in FIG. 2D is completed.

[0113] One of the features of the TFT manufactured
through the steps of this embodiment is that the concentra-
tion of germanium in the source region or drain region is
higher than that in the channel formation region. This is
because at the crystallization, the amorphous silicon film is
brought into contact with the germanium film at the region
that becomes the source region or drain region later.

[0114] Since the channel formation region is not subjected
to such a step that the crystallinity is disturbed in a subse-
quent step to the formation of the active layer, the region
keeps the superior crystallinity that the spin density is
5x10" spins/cm® or less as it is.

[0115] In the present invention, a circuit is constituted of
the inverted stagger type TFTs manufactured through the
steps as described above. Incidentally, the manufacturing
steps of this embodiment are merely one example for
carrying out the present invention, and the invention is not
limited to this.

[0116] Although this embodiment does not adopt, an
operator may suitably make such a contrivance that channel
doping to the NTFT and PTFT is carried out to control a
threshold voltage.

[0117] In the inverted stagger type TFT manufactured in
accordance with the steps of this embodiment, the mobility
(field effect mobility) as a typical electric characteristic is
200 to 350 cm?/Vs for an NTFT and 150 to 250 cm?/Vs for
a PTFT, and the S value (subthreshold coefficient) is 70 to
200 mV/decade for both the NTFT and PTFT.

[0118] The important point in the structure of the present
invention is to crystallize an amorphous silicon film by using
germanium as a catalyst, and this structure is not limited to
the structure of a TFT. Thus, the present invention can be
applied to a top gate type TFT such as a planar type TFT or
stagger type TFT.

[0119] [Embodiment 3]

[0120] In this embodiment, an example of an inverted
stagger type TFT manufactured through steps different from
the embodiment 1 or 2 will be described with reference to
FIGS. 3A to 3E.

[0121] First, in accordance with the steps of embodiment
1, steps up to FIG. 1C are ended. In this embodiment, in the
step of FIG. 1C, after active layers 111 and 112 made of
polysilicon films are obtained, a germanium film 110 and a
mask insulating film 108 are removed and a heat treatment
with excimer laser light is carried out.

[0122] Next, spacer insulating layers 203 and 204 made of
silicon oxide films are formed on active layers 201 and 202
the crystallinity of which is improved by the laser light
irradiation. The width of the spacer insulating layer deter-
mines the width of a channel formation region later (FIG.
3A).

[0123] Alternatively, in accordance with steps of the
embodiment 2, steps up to FIG. 4D are ended. Through the
steps up to this, the active layers 201 and 202 which can be
regarded as substantially single crystal are obtained. Next,
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the spacer insulating layers 203 and 204 made of silicon
oxide films are formed on the active layers 201 and 202. The
width of the spacer insulating layer determines the width of
the channel formation region later (FIG. 3A).

[0124] Next, an amorphous silicon film 205 with a thick-
ness of 100 nm is formed by using a plasma CVD method
or low pressure CVD method, and a microcrystal silicon film
206 with a thickness of 50 nm is formed thereon (FIG. 3B).

[0125] The film forming condition of the amorphous sili-
con film 205 is such that a mixed gas of SiH, of 100 sccm
and H, of 300 sccm is used as a film forming gas, film
formation pressure is 0.75 torr, and applied power is 20 W.
The film formation condition of the microcrystal silicon film
206 1s such that a mixed gas of SiH, of 5 sccm and H, of 500
scem is used as a film forming gas, film formation pressure
is 0.75 torr, and applied power is 300 W.

[0126] Next, an impurity element (phosphorus in this
embodiment) for giving an n-type is added to the amorphous
silicon film 205 and the microcrystal silicon film 206, so that
an n-type amorphous silicon film 207 and an n-type micro-
crystal silicon film 208 are obtained (FIG. 3C).

[0127] At this time, the adding condition of phosphorus is
such that acceleration voltage is set to 10 kV and dosage is
5x10** atoms/cm?. Since the n-type semiconductor layer of
a laminated structure of the amorphous silicon film 207 and
the microcrystal silicon film 208 functions as an electrode
for drawing carriers from the active layer, it is sufficient if
the layer has conductivity to satisfy that. Thus, it is not
necessary to limit to the values adopted in the manufacturing
steps of this embodiment.

[0128] The microcrystal silicon film is provided as the
uppermost layer in order to easily make ohmic contact with
a subsequently formed wiring layer made of a conductive
film. Although it is difficult to make excellent ohmic contact
between the amorphous silicon film and the conductive film,
ohmic contact with an acceptable level can be obtained
between the microcrystal silicon film and the conductive
film.

[0129] Next, the region that becomes the NTFT is covered
with a resist mask 209, and an impurity element (boron in
this embodiment ) for giving a p-type is added. By this step,
in the region that becomes the PTFT, the n-type semicon-
ductor layer formed before is inverted so that a p-type
semiconductor layer comprising a p-type amorphous silicon
film 210 and a p-type microcrystal silicon film 211 is formed
(FIG. 3D).

[0130] At this time, the adding condition of boron is such
that acgeleration voltage is set to 10 kV and dosage is
1.3x10  atoms/cm®. Also in this case, similarly to the pre-
vious case, it is satisfactory if sufficient conductivity to draw
carriers from the active layer is obtained.

[0131] After the adding step of the impurity element is
ended, the resist mask 209 is removed, and a furnace
annealing process at 350° C. for one hour is carried out to
conduct a hydrogenating step. In this embodiment, this
hydrogenating step serves also as an activation step of the
previously added impurity.

[0132] In this embodiment, although the n-type semicon-
ductor layer and the p-type semiconductor layer are formed
by addition of impurities, it is also possible to add an
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impurity for giving an n-type or p-type in a film forming gas
when the semiconductor layer is formed.

[0133] Next, a resist mask (not shown) having an opening
portion is provided in a part (a part electrically connected to
a subsequently formed wiring line) of a gate wiring line
connected to a gate electrode. Then, the microcrystal silicon
film, the amorphous silicon film and the gate insulating film
are subsequently etched by dry etching to form a contact
hole (not shown). The dry etching may be carried out within
a well known technical range.

[0134] Then, the not-shown resist mask is removed, a
conductive film made of a material containing aluminum as
its main ingredient is formed on the n-type semiconductor
layer and the p-type semiconductor layer, and patterning is
carried out to form source wiring lines 212 and 213 and a
drain wiring line 214. At this time, the gate wiring line is
electrically connected to the source wiring line (drain wiring
line) through the previously formed contact hole.

[0135] Further, etching of the n-type semiconductor layer
and p-type semiconductor layer is carried out by using these
wiring lines as masks. The condition of this etching may be
the same as that at the formation of the contact hole.
However, it is necessary to set the condition such that the
semiconductor layer can be etched without etching the
wiring line.

[0136] The etching of the semiconductor layer stops at the
spacer insulating layers 203 and 204, and the source wiring
line and the drain wiring line are completely electrically
separated from each other. When steps up to this are ended,
hydrogenating is carried out in a hydrogen atmosphere so
that the CMOS circuit with the structure shown in FIG. 3E
is completed.

[0137] In the structure of this embodiment, the inverted
stagger type TFT can be manufactured with less number
(seven) of masks than in the embodiment 1 by one. By this,
it is possible to increase yield and to lower manufacturing
cost. Of course, the electrical characteristics of the TFT of
this embodiment are by no means inferior to the TFT
manufactured in the embodiment 1 or 2.

[0138] [Embodiment 4]

[0139] In this embodiment, description will be made on a
case where, instead of forming a germanium film in the
embodiment 1, a layer containing germanium is formed by
a solution coating method (spin coating method).

[0140] In this embodiment, a solution containing germa-
nium is applied to a mask insulating film with an opening
portion to make a state in which germanium is held on an
amorphous silicon film exposed at the bottom of the opening
portion. As the solution, there are listed solutions of germa-
nium oxide (GeO,, typically GeO,), germanium chloride
(Ge(Cl,), germanium bromide (GeBr,), germanium sulfide
(GeS,), and germanium acetate (Ge(CH5CO.,)).

[0141] According to circumstances, as a solvent, an alco-
holic solvent such as ethanol or isopropyl alcohol may be
used.

[0142] Such a solution with a concentration of 100 to 1000
ppm is prepared, applied and spin dried, so that a layer
containing germanium is formed on the amorphous silicon
film. Since the amorphous silicon film shows hydrophobic-
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ity, it is preferable to increase wettability by forming a thin
silicon oxide film before spin coating.

[0143] After the spin coating is ended, a heat treatment for
crystallization is carried out in that state, so that a polysili-
con film is obtained. Since germanium with a high concen-
tration exists on the surface of the polysilicon film, it is
appropriate that the surface is cleaned by an etchant such as
hydrofluoric acid.

[0144] When the structure of this embodiment is applied
to the embodiment 1, 2 or 3, the TFT as shown in FIG. 2D
or FIG. 3E can be casily manufactured.

[0145] [Embodiment 5]

[0146] When germanium is added in an amorphous silicon
film, it is also possible to use an ion implantation method,
plasma doping method, or laser doping method.

[0147] As an exciting gas, it is appropriate that germane
(GeH,) is used, and germanium is preferably adjusted to be
added in the amorphous silicon film in concentration of
1x10° to 5x10" atoms/cm® (typically 1x10'° to 1x10'®
atoms/cm®).

[0148] Unless the concentration of germanium added in
the amorphous silicon film is 1x10'* atoms/cm® or more
(preferably 1x10'® atoms/cm® or more), it is not possible to
effectively use the facilitating effect for crystallization as a
catalyst. If the amount of addition is excessively large, the
property approaches that of a germanium film and TFT
characteristics are lowered. Thus, it is desirable to keep the
amount not higher than approximately 5x10*° atoms/cm?,
preferably below 1x10'® atoms/cm>.

[0149] The amorphous silicon film added with germanium
is easily crystallized by a heat treatment at 450 to 650° C. It
appears that the polysilicon film obtained in this embodi-
ment contains many bonds in which silicon atoms are
substituted by germanium atoms, and the film becomes
so-called silicon germanium (expressed by Si, Ge; ).

[0150] Since such a silicon germanium film has a band gap
narrower than a silicon film, it is known that the mobility of
a carrier (electron or hole) is improved. However, since there
is a case where the TFT characteristics are greatly changed
according to the content of germanium, attention must be
paid.

[0151] When the structure of this embodiment is applied
to the embodiment 1, 2 or 3, the TFT as shown in FIG. 2D
or FIG. 3E can be readily manufactured.

[0152] [Embodiment 6]

[0153] In this embodiment, differently from the embodi-
ment 1 in which crystal growth is made form both ends of
an active layer, a case where crystal growth is made from
one end portion (portion that becomes a source region or
drain region) of an active layer, will be described with
reference to FIGS. 5A and 5B.

[0154] After the formation of a mask insulating film 401
is ended in accordance with steps of the embodiment 1, an
opening portion 402 is formed by patterning. This opening
portion 402 is selectively provided in only a portion that
becomes a source region later, and is formed so that only one
end portion of an active layer is exposed. Then, a germanium
film 405 is formed thereon by a plasma CVD method (FIG.
5A).



US 2003/0027380 Al

[0155] Next, in this state, a heat treatment at 600° C. for
8 hours is carried out, so that an amorphous silicon film is
crystallized into a polysilicon film. At this time, crystal
growth progresses in the direction of arrows, and active
layers 403 and 404 made of the polysilicon film are formed
(FIG. 5B).

[0156] Incidentally, as described in the embodiment 1,
since the limit of growth distance in the lateral direction is
about 1 um, it is desirable in this embodiment that the
channel length is at most 1 um, preferably 0.5 um or less (of
course, zero is not included).

[0157] After the state of FIG. 5B is obtained in this way,
it is appropriate that a TFT is completed through similar
steps to the embodiment 1. Of course, the structure like the
embodiment 3 may be adopted, and the structure of the
embodiment 4 or 5 may be applied.

[0158] [Embodiment 7]

[0159] In this embodiment, unlike the embodiment 2 in
which crystal growth is made from both ends of an active
layer, a case where crystal growth is made from one end
portion (portion which becomes a source region or drain
region) of an active layer, will be described with reference
to FIGS. 7A and 7B.

[0160] After the formation of a mask insulating film 301
is ended in accordance with steps of the embodiment 2, an
opening portion 302 is formed by patterning. This opening
portion 302 is selectively provided in only a portion that
becomes a source region later, and is formed so that only one
end portion of an active layer is exposed. Then, a germanium
film 305 is formed thereon by a plasma CVD method (FIG.
TA).

[0161] Next, in this state, a heat treatment at 600° C. for
8 hours is carried out, so that an amorphous silicon film is
crystallized into a polysilicon film. At this time, crystal
growth progresses in the direction of arrows, and active
layers 303 and 304 made of the polysilicon film are formed
(FIG. 7B).

[0162] Incidentally, as set forth in the embodiment 2, since
the limit of growth distance in the lateral direction is about
1 um, it is desirable in this embodiment that the channel
length is at most 1 um, preferably 0.5 um or less (of course,
zero is not included).

[0163] After the state of FIG. 7B is obtained in this way,
it is appropriate that a TFT is completed through steps
similar to the embodiment 2. Of course, the structure like the
embodiment 3 may be adopted, or the structure of the
embodiment 4 or 5 may be applied.

[0164] [Embodiment 8]

[0165] In the case where a crystallizing step using germa-
nium as a catalytic element is carried out, attention must be
paid to the oxygen content in a processing atmosphere at
crystallization. As described in the embodiments 1 and 2,
since germanium is easily oxidized into inactive germanium
oxide, it is necessary to remove oxygen as possible.

[0166] For that reason, it is desirable to continuously carry
out steps of (1) cleaning the surface of an amorphous silicon
film, (2) forming a germanium film, and (3) crystallizing by
a heat treatment, without exposing to the air.
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[0167] In this embodiment, such steps are carried out
using a multi-chamber (cluster tool) system processing
apparatus. A processing apparatus used in this embodiment
is shown in FIGS. 12A and 12B. FIG. 12A is a top view and
FIG. 12B is a sectional structural view taken along the
broken line X-X' in FIG. 12A.

[0168] Reference numeral 11 denotes a common chamber
of the apparatus, 12 and 13 denote load lock chambers, 14
and 15 denote sputtering chambers, 16 denotes an etching
chamber, and 17 denotes a heating chamber. The respective
chambers 12 to 17 are connected to the common chamber 11
through a gate valve, and airtightness can be kept for each
of the chambers 11 to 17.

[0169] An exhaust system (not shown) for making a
decompressed state and a gas supply system (not shown) for
supplying an atmosphere controlling gas and a sputtering
gas are provided for each of the chambers 11 to 17. A
cryopump for realizing an ultimate vacuum of 107° Pa is
provided for the exhaust system of each of the sputtering
chambers 14 and 15 and the etching chamber 16.

[0170] A robot arm 31 for transferring a processed sub-
strate 10 into the chambers 12 to 17 is provided in the
common chamber 11. A substrate holding portion of the
robot arm 31 is three-dimensionally movable as indicated by
arrows. The robot arm 31 is of a facedown system in which
the processed substrate 10 is transferred while its component
formation surface is faced downward, so that dust like
particles is prevented from adhering to the component
formation surface.

[0171] The load lock chambers 12 and 13 are chambers for
transferring the processed substrate 10 in and out of the
apparatus. The processed substrate 10 is contained in a
substrate transfer cassette 32 or 33, and is transferred in or
out of the apparatus.

[0172] The sputtering chambers 14 and 15 have almost the
same structure, and the structure of the sputtering chamber
14 will be described with reference to FIG. 12B. In this
embodiment, a germanium film is formed in the sputtering
chamber 14 or 15.

[0173] In the sputtering chamber 14, there are provided a
target support 41, a target 42, a shutter 43, and a facedown
system substrate holder 44. The substrate holder 44 is
designed such that an end of several mm of the processed
substrate 10 is supported, and pollution of the substrate 10
is as small as possible.

[0174] A DC current is supplied to the target 42 through
the target support 41 from a not-shown DC power source.
The specification of the gas supply system and the like are
determined according to a material formed into a film in the
sputtering chamber 14 or 15.

[0175] In this embodiment, although the etching chamber
16 has almost the same structure as the sputtering chambers
14 and 15, an RF power source is connected thereto instead
of the DC power source, so that RF power is supplied to the
substrate 10 and a negative self-bias voltage is applied.

[0176] In this embodiment, the surface of the amorphous
silicon film is slightly sputtered (surface layer is etched)
with a rare gas (argon, helium, etc.) in the etching chamber
16, so that surface cleaning is carried out and the surface of
the amorphous silicon film is cleaned.
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[0177] The heating chamber 17 is a chamber for a crys-
tallization step, and such a structure is adopted that an RTA
process can be made as heating means in view of through-
put. There are provided a facedown system substrate holder
51 and heating lamps 52 and 53 for irradiating with an
infrared light to heat the substrate 10 from its both surfaces.
The heat lamp 53 is a main lamp for heating the main surface
of the substrate.

[0178] A method of using the processing apparatus shown
in FIGS. 12A and 12B in this embodiment will be described
below. The substrate to be processed (substrate with a mask
insulating film formed on an amorphous silicon film) 10 is
transferred from the load lock chamber 12 into the sputtering
apparatus. After the load lock chamber 12 is made a decom-
pressed state, the chamber is set under a nitrogen atmo-
sphere. The common chamber 11, the sputtering chambers
14 and 15, and the etching chamber 16 are also made a
decompressed state, and the reached pressure is made 107°
Pa.

[0179] A gate valve 22 is opened, and the substrate 10 is
transferred by the robot arm 31 into the etching chamber 16.
In order to avoid mixing of atmospheres, two gate valves 22
and 27 are controlled so as not to be opened at the same time.
The same is the case in the following. The substrate is fixed
to the substrate holder in the etching camber 16, and a
sputtering process with argon gas is carried out while
applying RF power to the substrate. By the sputtering
process, impurities and natural oxidation films on the sur-
face of the amorphous silicon film are removed.

[0180] Next, the substrate 10 is transferred into the sput-
tering chamber 14 and a germanium film is formed. Then the
substrate is transferred into the heating chamber 17. The
inside of the heating chamber 17 is set under a nitrogen
atmosphere, and the substrate is heated by the heating lamps
52 and 53, so that the amorphous silicon film is crystallized.
After the crystallization step is ended, the substrate is
transferred into the cassette 33 in the load lock chamber 13,
and is transferred out of the sputtering apparatus.

[0181] It is also effective, for the purpose of suppressing
oxidation of the germanium film as possible, that, prior to
the crystallization step, a germanium film is formed in the
sputtering chamber 14, and an insulating film such as a
silicon nitride film and a silicon nitride oxide film is then
formed on the germanium film in the sputtering chamber 15
to cover the surface of the germanium film.

[0182] The structure that the crystallization step is carried
out without exposing the surface of the germanium film
directly to a processing atmosphere by covering the same
with the insulating film, is not only used in a multi-chamber
system processing apparatus as in this embodiment, but also
is an effective technique especially in a case where the
crystallization step is required to be carried out in an external
electric heating furnace. Of course, this structure is readily
combined with the structure shown in the embodiments 1 to
7.

[0183] [Embodiment 9]

[0184] In this embodiment, an example in which a plural-
ity of TFTs are formed on a glass substrate so that an active
matrix type liquid crystal display device having an integrally
formed driver circuit and pixel matrix circuit is manufac-
tured, will be described with reference to FIG. 6.
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[0185] The structure of this embodiment can be realized
by adding some additional steps to the steps of the embodi-
ment 1. First, in accordance with the steps of the embodi-
ment 1, the state of FIG. 2D is obtained. At this time, NTFTs
arranged in matrix are formed in advance in a region that
becomes a pixel matrix circuit.

[0186] A polyimide film with a thickness of 1 gm as a first
leveling film 501 is formed thereon. Other than polyimide,
other organic resin materials such as acryl may be used.
Next, a black mask 502 made of a conductive film of
titanium or the like is formed.

[0187] Further, as a second leveling film 503, a polyimide
film with a thickness of 500 nm is formed. After the second
leveling film 503 is formed, a contact hole is formed and a
pixel electrode 504 made of a transparent conductive film
(typically an indium tin oxide (ITO) film) is formed.

[0188] At this time, an auxiliary capacitance 505 with the
second leveling film as a dielectric is formed between the
black mask 502 and the pixel electrode 504.

[0189] Through the steps as described above, the structure
shown in FIG. 6 is completed. An actual active matrix type
liquid crystal display device is completed by forming an
orientation film after formation of the pixel electrode and by
holding a liquid crystal between the pixel electrode and an
opposite electrode. Since these cell assembling steps can be
made by using well known means, their explanation is
omitted.

[0190] FIG. 9 schematically shows the outer appearance
of the active matrix type liquid crystal display device formed
in this way. In FIG. 9, reference numeral 601 denotes a
substrate having an insulating surface, 602 denotes a pixel
matrix circuit, 603 denotes a source driver circuit, 604
denotes a gate driver circuit, 605 denotes an opposite
electrode, 606 denotes an FPC (Flexible Printed Circuit),
and 607 and 608 denote external IC chips.

[0191] At this time, for example, the source driver circuit
603 or the gate driver circuit 604 is constituted of a CMOS
circuit denoted by 600.

[0192] In this embodiment, if the pixel electrode is made
of a material having high reflectivity, a reflection type liquid
crystal display device can be easily manufactured.

[0193] As described above, when various circuits are
formed by using TFTs manufactured by using the present
invention, an electro-optical device including a circuit on a
substrate can be realized. In this embodiment, although a
liquid crystal display device is shown as an example, it is
also possible to manufacture an EL (electroluminescence)
display device, an image sensor and the like.

[0194] [Embodiment 10]

[0195] In this embodiment, an example in which a plural-
ity of TFTs are formed on a glass substrate by using the
present invention so that an active matrix type liquid crystal
display device having an integrally formed driver circuit and
a pixel matrix circuit is manufactured, will be described with
reference to FIG. 8.

[0196] The structure of this embodiment can be realized
by adding some additional steps to the steps of the embodi-
ment 2. First, in accordance with the steps of the embodi-
ment 2, the state of FIG. 2D is obtained. At this time, NTFTs
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arranged in matrix are formed in advance in a region that
becomes a pixel matrix circuit.

[0197] Formed thereon is a laminated film of a silicon
nitride film with a thickness of 50 nm, a silicon oxide film
with a thickness of 25 nm, and a polyimide film with a
thickness of 1 um as a first leveling film 701. Other than
polyimide, other organic resin materials such as acryl may
be used.

[0198] Next, an opening portion is provided above a drain
electrode 702 of a TFT constituting the pixel matrix circuit.
At the opening portion, etching of the polyimide film and the
silicon oxide film is made in sequence from the above, and
the silicon nitride film of the lowermost layer is remained.
After the opening portion is formed, a black mask 703 made
of a conductive film of titanium or the like is formed.

[0199] Further, as a second leveling film 704, a polyimide
film with a thickness of 500 nm is formed. After the second
leveling film 704 is formed, a contact hole is formed in the
first and second leveling films and a pixel electrode 705
made of a transparent conductive film (typically an ITO
film) is formed.

[0200] At this time, an auxiliary capacitance with the
above described silicon nitride film with a thickness of 50
nm as a dielectric is formed between the drain electrode 702
and the black mask 703. According to the structure of this
embodiment, since the auxiliary capacitance is formed
above the TFT, an opening ratio is not impaired.

[0201] Through the steps as described above, the structure
shown in FIG. 8 is completed. An actual active matrix type
liquid crystal display device is completed by forming an
orientation film after formation of the pixel electrode and by
holding a liquid crystal between the pixel electrode and an
opposite electrode. Since these cell assembling steps can be
made by using well known means, their explanation is
omitted.

[0202] FIG. 9 schematically shows the outer appearance
of the active matrix type liquid crystal display device formed
in this way. In FIG. 9, reference numeral 601 denotes a
substrate having an insulating surface, 602 denotes a pixel
matrix circuit, 603 denotes a source driver circuit, 604
denotes a gate driver circuit, 605 denotes an opposite
electrode, 606 denotes an FPC (Flexible Printed Circuit),
and 607 and 608 denote external IC chips.

[0203] At this time, for example, the source driver circuit
603 or the gate driver circuit 604 is constituted of a CMOS
circuit denoted by 600.

[0204] In this embodiment, if the pixel electrode is made
of a material having high reflectivity, a reflection type liquid
crystal display device can be easily manufactured.

[0205] As described above, when various circuits are
formed by using TFTs manufactured by using the present
invention, an electro-optical device including a circuit on a
substrate can be realized. In this embodiment, although a
liquid crystal display device is shown as an example, it is
also possible to manufacture an EL (electroluminescence)
display device, an image sensor and the like.

[0206] [Embodiment 11]

[0207] The electro-optical device shown in the embodi-
ment 9 or 10 is used for a display of various electronic
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apparatus. As such electronic apparatus, a video camera, a
still camera, a projector, a projection TV, a head mount
display, a car navigation system, a personal computer, a
portable information terminal (mobile computer, portable
telephone, etc.) and the like are enumerated. Examples of
those are shown in FIGS. 10A to 10F.

[0208] FIG. 10A shows a portable telephone that is con-
stituted of a main body 2001, a voice output portion 2002,
a voice input portion 2003, a display device 2004, an
operation switch 2005, and an antenna 2006. The present
invention can be applied to the display device 2004 and the
like.

[0209] FIG. 10B shows a video camera that is constituted
of a main body 2101, a display device 2102, an audio input
portion 2103, an operation switch 2104, a battery 2105, and
an image receiving portion 2106. The present invention can
be applied to the display device 2102.

[0210] FIG. 10C shows a mobile computer that is con-
stituted of a main body 2201, a camera portion 2202, an
image receiving portion 2203, an operation switch 2204, and
a display device 2205. The present invention can be applied
to the display device 2205 and the like.

[0211] FIG. 10D shows a head mount display that is
constituted of a main body 2301, a display device 2302, and
a band portion 2303. The present invention can be applied to
the display device 2302.

[0212] FIG. 10E shows a rear type projector that is
constituted of a main body 2401, a light source 2402, a
display device 2403, a polarizing beam splitter 2404, reflec-
tors 2405 and 2406, and a screen 2407. The present inven-
tion can be applied to the display device 2403.

[0213] FIG. 10F shows a front type projector that is
constituted of a main body 2501, a light source 2502, a
display device 2503, an optical system 2504, and a screen
2505. The present invention can be applied to the display
device 2503.

[0214] As set forth above, the scope of application of the
present invention is extremely wide and the present inven-
tion can be applied to electronic apparatus of any field.
Especially, it can be said that the present invention is very
effective for electronic apparatus in which importance is
attached to portability.

[0215] Asdescribed above, by using the present invention,
it becomes possible to manufacture a semiconductor thin
film with high crystallinity by manufacturing steps having
high productivity. Then, it is possible to realize a semicon-
ductor device including a circuit using a high performance
TFT with an active layer of such a semiconductor thin film.

What is claimed is:
1. A semiconductor device comprising:

a gate electrode over a substrate;
a gate insulating film on the gate electrode; and

a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region,
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wherein a concentration of germanium in the source
region or the drain region gradually becomes higher
toward a main surface of the source region or the drain
region.

2. A semiconductor device according to claim 1, wherein
the concentration of germanium existing in the source region
or the drain region is in a range of 1x10'* to 1x10%°
atoms/cm®.

3. A semiconductor device according to claim 1, wherein
the semiconductor device is at least one selected from the
group consisting of a portable telephone, a video camera, a
mobile computer, a head mount display, and a projector.

4. A semiconductor device comprising:

a gate electrode over a substrate;
a gate insulating film on the gate electrode; and

a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region,

wherein a concentration of germanium in a vicinity of a
main surface of the source region or the drain region is
higher than that in the channel region.

5. A semiconductor device according to claim 4, wherein
the concentration of germanium existing in the vicinity of
the main surface of the source region or the drain region is
in a range of 1x10'* to 1x10%* atoms/cm®.

6. A semiconductor device according to claim 4, wherein
the semiconductor device is at least one selected from the
group consisting of a portable telephone, a video camera, a
mobile computer, a head mount display, and a projector.

7. A semiconductor device comprising:

a gate electrode over a substrate;
a gate insulating film on the gate electrode; and

a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region,

wherein a concentration of germanium in the source
region or the drain region is higher than that in the
channel region, and

wherein a spin density in the channel region is not higher

than 5x10*7 spins/cm>.

8. A semiconductor device according to claim 7, wherein
the concentration of germanium existing in the source region
or the drain region is in a range of 1x10'* to 1x10%°
atoms/cm®.

9. A semiconductor device according to claim 7, wherein
the semiconductor device is at least one selected from the
group consisting of a portable telephone, a video camera, a
mobile computer, a head mount display, and a projector.

10. A semiconductor device comprising:

a gate electrode over a substrate;
a gate insulating film on the gate electrode;

a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region;

an interlayer insulating film over the crystalline semicon-
ductor film;
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a portion in which the interlayer insulating film is
removed; and

a black matrix on the portion.

11. A semiconductor device according to claim 10,
wherein the interlayer insulating film comprises at least one
selected from the group consisting of silicon oxide, silicon
nitride, and polyimide.

12. A semiconductor device according to claim 10,
wherein the black matrix comprises titanium.

13. A semiconductor device according to claim 10,
wherein the semiconductor device is at least one selected
from the group consisting of a portable telephone, a video
camera, a mobile computer, a head mount display, and a
projector.

14. A semiconductor device comprising:

a gate electrode over a substrate;
a gate insulating film on the gate electrode;

a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region; and

an electrode connected to one of the source region and the
drain region, and covering the channel region,

wherein a concentration of germanium in the source
region or the drain region gradually becomes higher
toward a main surface of the source region or the drain
region.

15. A semiconductor device according to claim 14,
wherein the concentration of germanium existing in the
source region or the drain region is in a range of 1x10™ to
1x10%° atoms/cm®.

16. A semiconductor device according to claim 14,
wherein the semiconductor device is at least one selected
from the group consisting of a portable telephone, a video
camera, a mobile computer, a head mount display, and a
projector.

17. A semiconductor device comprising:

a gate electrode over a substrate;
a gate insulating film on the gate electrode;

a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region; and

an electrode connected to one of the source region and the
drain region, and covering the channel region,

wherein a concentration of germanium in a vicinity of a
main surface of the source region or the drain region is
higher than that in the channel region.

18. A semiconductor device according to claim 17,
wherein the concentration of germanium existing in the
vicinity of the main surface of the source region or the drain
region is in a range of 1x10* to 1x10** atoms/cm>.

19. A semiconductor device according to claim 17,
wherein the semiconductor device is at least one selected
from the group consisting of a portable telephone, a video
camera, a mobile computer, a head mount display, and a
projector.

20. A semiconductor device comprising:

a gate electrode over a substrate;

a gate insulating film on the gate electrode;
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a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region; and

an electrode connected to one of the source region and the
drain region, and covering the channel region,

wherein a concentration of germanium in the source
region or the drain region is higher than that in the
channel region, and

wherein a spin density in the channel region is not higher

than 5x10*7 spins/cm>.

21. A semiconductor device according to claim 20,
wherein the concentration of germanium existing in the
source region or the drain region is in a range of 1x10* to
1x10%° atoms/cm®.

22. A semiconductor device according to claim 20,
wherein the semiconductor device is at least one selected
from the group consisting of a portable telephone, a video
camera, a mobile computer, a head mount display, and a
projector.

23. A semiconductor device comprising:

a gate electrode over a substrate;

a gate insulating film on the gate electrode;
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a crystalline semiconductor film on the gate insulating
film, the crystalline semiconductor film comprising a
channel region, a source region, and a drain region,

an electrode connected to one of the source region and the
drain region, and covering the channel region;

an interlayer insulating film over the crystalline semicon-
ductor film and the electrode;

a portion in which the interlayer insulating film is
removed; and

a black matrix on the portion.

24. A semiconductor device according to claim 23,
wherein the interlayer insulating film comprises at least one
selected from the group consisting of silicon oxide, silicon
nitride, and polyimide.

25. A semiconductor device according to claim 23,
wherein the black matrix comprises titanium.

26. A semiconductor device according to claim 23,
wherein the semiconductor device is at least one selected
from the group consisting of a portable telephone, a video
camera, a mobile computer, a head mount display, and a
projector.



